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THE ANALYSIS OP ALLOYS OF THE NICKEL,
COPPER, CHROMIUM TYPE.
INTRODUCTION.
Alloys of this type are of particular importance be-
cause of their acid resisting and non-corroding properties. ( S.
W. Parr. Orig. Comm. 8th Int. Cong. App. Chem. Vol. II p. 209-
213. (1912) ). The chief objection to them however, is their
hardness. To overcome this obstacle efficiently, and intelligently,
it is desired that their true per cent composition be known,
A temperature of about 1550° C« * 8 necessary to melt
and fuse the elements in an alloy of this type. At this temper-
ature nitrogenation, oxidation, and volatilization of some of
the constituents is to be expected. This, however, may be and
usually is prevented to some extent by the introduction into the
melt of other elements to combine with the undesirable constitu-
ents and carry them into the slag. The percentage composition may
be known before the elements are alloyed but there may be an appre-
ciable change during the molten stage.
There are many methods for the analysis of these elements
singly, and many separations when combined with others, but a
method for the analysis of complex alloys of the nickel, copper,
chromium type has never been produced which is free from objections.
A review of the literature fails to reveal any work which might
have been done on the analysis of alloys of this character. Carl
W. Sievert ( Sievert. Thesis, Univ. of 111. 1914.) of the Univer-
sity of Illinois did much inpreparing the way for the analysis of

TABLE I.
Method of Separation.
Treat one gram of the alloy with $Q c.c. of aqua regia.
Evaporate to dryness. Add 5 c.c. con. HC1 and evaporate again to
dryness. Take up with $Q c.c. of HC1 ( 5 c » c » HC1 sp.gr. 1.12 in
50 c.c. of solution.). Decant the liquid through an ashless filter
and treat the residue as above, using smaller amounts of acid.
(A) Residue. Si02 , WO3, & Ti02
Traces of Fe, Al, Cr, & Ni.
Add H2SO4 & H2F2 , ignite,
SiF^ volatilizes.
(1) Filtrate. Cu, Mo, of 2d group.
Mn, Fe, Co, Ni, Al, Cr, of the
third group. All as chlorides.
Treat with H2S
(D) Ppt. CuS,MoS3(B) Residue. W0^,Ti02 Traces of
the above. Boil or fuse Na2C0^
(C) Residue. Ti02 ;;(2) Filtrate
& traces above ::Ka2W04.
Treat with K2S &
KOH sols.
(3) Filtrate.
Al, Cr, Mn, Fe,
Co, Hi, as chlo
rides.
(F») Ppt.
CuS
(4)Filtrate
K2MoS4
.
Add H2S04
(F) Ppt;
M0S0
SEE
BELOW. #
Add bromine water and KOH. #
(G) Ppt. Mn0(0H) 2 , Fe(OH) v Co(OHK
Ni(OH)o. Add HC1, evaporate. Add coil
HNOo and KClOo. Boil,
(H)Ppt.
MnO(OH),
(i)Ppt.
Fe(QH) t
Ti(OH)^
(6)Filtrate Fe(NO^)^
Co(NO.)
,
Ni(NO^)p. Make
strongly alk. with NH40H
(5) Filtrate. K2Cr04, KA102 .
Acidify HC1. add NH4OH.
(L)Ppt.
Al(OH)^
(7)Filtrate Co(NH3) x(N03) 2 , Ni-(NH-O^NO^ ) 2 . These are determinedin the presence of each other.
(8)Filtrate K2Cr04
Add HC1 and boil to
expel Br2 . Add C2H5OH
Boil to reduce Cr.Add
NII4OPI Boil to expel
excess.
(M)Ppt. Cr(OH)
3
Dissolve ppt. (I) with H2C4H40£ Pass in H2S until Fe is reduced,
Make alk. with NH40H.
(K)Ppt.
FeS
(9) Filtrate. Evaporate to dryness. Add HNOo and destroy
H2C4H4 6 . Add NH4OH.
(N) Ppt. Ti(0H) 4
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these alloys.
The object of this research is to analyze various alloys
of this type and from the results thus obtained it is hoped to
produce a method of analysis as brief and accurate as possible.
In this work the author has been associated with Mr.
Silas A. Braley and all methods have been worked upon and check
results obtained by both workers wherever possible. The scheme of
separation and the methods of determination finally selected, are
based on many trials of various separations and determinations.
They follow closely those given by A. A. Noyes ( A. A, Noyes, J.
Am. Chem. Soc. Vols. 29, p. 137.205 (1907) and 30, p. 48I-563
(I908)) and Wm. A. Noyes (Wm. A. Noyes, The Elements of Qualita-
tive Analysis (19H)). For the most part the quantitative deter-
minations are found in Treadwell and Hall ( Treadwell and Hall,
Vol. II, (1913)).
EXPERIMENTAL PART.
Samples Used.
The samples used in this work were alloys obtained from
Professor Parr and represent various stages in the development of
his standard alloy. They were in the form of shavings obtained
during the machining of the test pieces used for studying the
properties of the alloy. They naturally were contaminated some-
what with particles of iron and oil.
Preparation of the Alloy for Solution.
To free the small particles of the alloy of foreign
matter, remove the iron with a magnet, extract the oil with ether,
wash with dilute nitric acid to remove any particles of iron
which might remain, finally wash with water, alcohol, and ether,
and dry. The alloy thus prepared should be kept in a clean, dry,
Ml
glass stoppered, bottle.
Method of Solution.
Treat one gram of the alloy thus prepared with fifty
cubic centimeters of aqua regia and evaporate to dryness on a
steam bath. If time is limited the evaporation may be accomplished
over a free flame but to prevent loss by spattering the solution
must be kept constantly in motion by rotating the container. Heat
in a drying oven for an hour at a temperature of 105° to 110°.
This dehydrates the silica and if the temperature does not exceed
110° there is no danger of the silica combining with the aluminium.
Treat the dried residue with three or four cubic centimeters of
concentrated hydrochloric acid and again evaporate to dryness to
remove all traces of nitric acid. Add fifty cubic centimeters of
hydrochloric acid ( 10 c.c. HC1 sp.gr. 1.12 in 100 c.c. of sol.),
boil for a minute or two, allow the residue to settle, and decant
the liquid through an ashless filter into a pressure flask. This
is filtrate 41) • The residue, which is residue (a), should be
yellow if tungsten is present in any appreciable amount; however
if it is dark colored treat with aqua regia and evaporate to
dryness. Remove all traces of nitric acid by adding a few cubic
centimeters of concentrated hydrochloric acid and evaporating to
dryness. Add fifty cubic centimeters of the dilute hydrochloric
acid and boil. Filter through the same filter and wash with a few
cubic centimeters of the dilute hot hydrochloric acid.
The residue (a) contains the tungsten and silica. The
filtrate (1) is of the proper acid concentration for the precipi-
tation of the metals of the second group.
A complete summary of the methods of separation is
shown in Table I and their detailed description as given on the
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following pages.
Separation and Determination of Silicon and Tungsten.
Ignite the residue (A) which contains the silicon and
tungsten as their oxides in a platinum crucible. Treat with a few
drops of concentrated sulphuric acid and evaporate on an air
hath #. Ignite in a strong flame to constant weight. The weight
is that of the combined oxides (Treadwell and Hall, Vol. II, 1913
p. 4-85). Add five cubic centimeters of forty per cent hydrofluoric
acid and two cubic centimeters of concentrated sulphuric acid
to the contents of the crucible, cover, digest on the steam bath
for fifteen or twenty minutes, remove the cover, evaporate on the
air bath, and ignite on a blast to constant weight. The loss in
weight multiplied by Q.46931 represents the silicon present. The
weight of the remaining residue (B) multiplied by 0.79310 equals
the tungsten present.
The method for tungsten is probably in error to a slight
degree as both gflacic and tungstic acid are apt to, and do, carry
down traces of iron, aluminium, chromium, and nickel, depending,
of course, on the amounts of these elements present. This error
becomes quite appreciable if much chromium is present and if the
putting of the alloy in solution has not been carefully carried
out. Even when the utmost caution is exercised an error may result
which may amount to as high as three per cent. In case accurate
results are desired it will be necessary to fuse the residue with
sodium carbonate for a few minutes, dissolve the cooled mass in
hot water, filter, ignite the residue, add a few drops of con-
centrated sulphuric acid, ignite, and weigh. The loss in weight
is the weight of the tungsten trioxide. Or the tungsten may be
determined from the sodium carbonate solution according to the
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method of Berzelius. ( Treadwell and Hall, Vol* II, 1913. P. 289.)
The residue (C) is very insoluble, failing to go into
solution with aqua regia, and did not respond to fusion with
sodium carbonate or potassium acid sulphate. Y/hen fused with
sodium in a test tube it is rendered easily soluble. A qualitative
test of a residue from an alloy which contained twenty-five per
cent chromium and sixty- one per cent nickel gave approximatively
ninty per cent of chromium and ten per cent of nickel.
# The air bath consists of a large nickel or iron cruci-
ble with a piece of asbestos board so placed in the bottom that
there is an air space of about one half inch between the bottom
of the crucible and the board. Sulphuric acid may be rapidly evap-
orated in this bath without danger of spattering.
Separation of Copper and Molybdenum.
Saturate the filtrate (1) which is in the pressure flask,
with hydrogen sulphide, close, and digest on the steam bath for
about thirty minutes, or until the precipitate has settled. Cool,
filter, and wash with dilute hydrochloric acid of the same con-
centration as the original filtrate (1). Return the precipitate
(D) along with the filter to the pressure flask and treat with
potassium hydroxide and potassium sulphide solutions. Digest again
on the steam bath for about thirty minutes. The molybdenum is
completely dissolved as a sulpho salt while the copper remains
unchanged ( Treadwell and Hall, Vol. II, 1913, p.287.). Cool, wash
the contents of the flask into a beaker, filter receiving the
filtrate (4) into the pressure flask, and wash with a dilute sol-
ution of potassium hydroxide and potassium sulphide.
Determination of Copper.
Transfer the precipitate (E) along with the filter to a

o"beaker and dissolve the copper sulphide in warm dilute nitric acid,
Add bromine water and boil to remove the oxides of nitrogen and
excess bromine. Filter to remove the paper. Cool and neutralize
the solution with ammonium hydroxide. Make the solution up to
fifty or seventy-five cubic centimeters, add seven to ten cubic
centimeters of glacial acetic acid, and ten cubic centimeters of
twenty per cent potassium iodide solution. Titrate the liberated
iodine with standard sodium thiosulphate solution, using starch as
an indicator. The starch is added just before the end point is
reached which can be easily determined by the change in color.
One iodine equals one copper. The results are excellent. ( Tread-
well and Hall, Vol. II, 1913, p. 682.)
Determination of Molybdenum.
Acidify the filtrate (4), which contains the molybdenum,
in the pressure flask with sulphuric acid. The molybdenum precipi-
tates as the sulphide. Digest on the steam bath until the precipi-
tate settles and the liquid becomes clear above, taking care to
relieve the pressure now and then to avoid bursting the flask.
Cool and filter through a Gooch which has been previously prepared.
Wash with dilute sulphuric acid and then alcohol until a negative
test is obtained for the acid. Dry at one hundred degrees in a
drying oven then place the crucible in the air bath and cover the
bath with a watchglass. Heat with a small flame until sulphur di-
oxide can no longer be detected. Increase the flame and finally
remove the watchglass and increase the flame to its fullest extent.
Care must be taken in removing the watchglass however, as molyb-
denum sulphide is easily volatilized at this temperature. Should
the contents of the crucible show any signs of flaring up the glass
must be replaced immediately. Remove the crucible from the air
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bath and ignite to a dull red heat. Molybdenum trioxide is not
volatile until this temperature is passed. The molybdenum present
is found by multiplying the weight of the molybdenum trioxide by
O.66667. The molybdenum trioxide may have bluish cast due to sul-
phur dioxide, the results however are good, ( Treadwell and Hall
Vol.11, 1913, P. 285.)
Separation of Aluminium, Chromium, and Vanadium from Manganese,
Titanium, Iron, Cobalt, and Nickel.
Boil the acid filtrate (3) from which has been separated
the copper and molybdenum to expel the hydrogen sulphide. Add a few
cubic centimeters of bromine water and make strongly alkaline with
potassium hydroxide, boil, filter, and wash with hot water. The
filtrate (5) contains the aluminium, chromium, and vanadium. The
precipitate ( G-) contains manganese, titanium, iron, cobalt, and
nickel.
Should there be a large precipitate it will be found
convenient to divide the acid filtrate into two or three parts
before making alkaline and filter on separate filters. The preci-
pitate will be much easier to wash and there is less danger of it
carrying chromium by occlusion. If much nickel is present it will
be necessary to dissolve the precipitate and repeat the above pro-
cedure. Bromine was found to be the best oxidizing agent as sodium
peroxide contains an appreciable amount of aluminium. Bromine also
oxidizes the nickel to a higher state and in this condition it is
easily filtered.
An alloy which contained about sixty per cent of nickel
and twenty per cent of chromium was treated as above. The solution
was divided into three parts, the precipitate washed three times
with hot water, and then redissolved. This was repeated a second
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and a third time. The first filtrate contained nearly all of the
chromium, in the second there was a much smaller amount, while in
the third there was none.
Separation of Manganese.
Dissolve the precipitate (G) which contains the manganese
iron, titanium, cobalt, and nickel in dilute hydrochloric acid and
evaporate to dryness. Add thirty cubic centimeters of concentrated
nitric acid and boil. To this boiling solution add two or three
grams of potassium chlorate in small portions, boil for a minute
or two, and filter through a Gooch. Test the filtrate by boiling
with a little more potassium chlorate. If no precipitate forms the
separation is complete; if one forms, however, filter through the
same Gooch, wash with dilute nitric acid which is free from oxides
of nitrogen, and finally with water. ( Treadwell and Hall, Vol. II
1913» P« 619.) The manganese is precipitated as hydrated manganese
dioxide. (H).
Determination of Manganese.
Transfer the Gooch with the precipitate (H) back to the
original beaker and add ten cubic centimeters of twenty per cent
potassium iodide solution and ten cubic centimeters of dilute
hydrochloric acid (sp. gr. 1,12 ), and about thirty cubic centime-
ters of water. Stir until dissolved, make up to about two hundred
and fifty cubic centimeters, and titrate the liberated iodine with
standard sodium thiosulphate solution as in the copper determina-
tion. Two iodines are equal to one manganese. The results are
excellent. So far as the author knows this method has not been
previously proposed. It is very accurate however, often being able
to check results out to the hundreth of a percent.
Separation and Determination of Titanium,

9Neutralize the acid solution (6), from which the mangan-
ese has been removed, with ammonium hydroxide, add seven to eleven
cubic centimeters of glacial acetic acid, two or three grams of
ammonium acetate, and dilute to about one hundred cubic centimeters.
The titanium precipitates on boiling as titanium hydroxide( I )
.
Filter, wash with dilute acetic- acid, ignite over a Bunsen flame
for about fifteen minutes, and weigh as titanium dioxide. Should
iron be present, instead of acidifying with acetic acid, add tar-
taric acid to the extent of three times the weight of the combined
oxides, pass in hydrogen sulphide until all of the iron is re-
duced,
,
and then make ammoniacal. The iron precipitates as ferrous
sulphide (K) while the titanium remains in the solution. Filter
off the iron and evaporate the solution to dryness and destroy the
tartaric acid with nitric acid. Precipitate the titanium with
ammonia and determine as above.
Determination of Iron if Titanium is present.
Dissolve the ferrous sulphide (K) precipitated in the
separation of iron from titanium in dilute hydrochloric acid.
Boil to expel the hydrogen sulphide, add bromine water to oxidize
the iron, add potassium hydroxide until the solution is nearly
neutral, add twenty cubic centimeters of potassium iodide (twenty
per cent), stopper the flask, let stand for twenty minutes with
occasional shaking, and titrate the liberated iodine as in the
determination of copper and manganese. One iodine is equal to one
iron. (Treadwell and Hall, Vol,. 11,1913, p,68l.) The results are
good. The use of carbon dioxide as an atmosphere as suggested by
Treadwell and Hall is hardly necessary if care is taken and a large
excess of potassium iodide is used. It was possible to check a
standard solution of ferric chloride within a few hundredths of a
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per cent. If large amounts of iron are present aliquot parts
should be taken.
If titanium is absent the iron is precipitated as ferric
hydroxide (I) from the cobalt and nickel solution by using an
excess of ammonium hydroxide, and determined as above.
Determination of Cobalt.
Transfer the filtrate (7) from which the titanium and
iron have been removed, to a volumetric flask of five hundred cubic
centimeters capacity and make up to volume. Take an aliquot part
and treat as follows.
First method.- ( A. Netzl. Z. Anal. Chera. *3» P.537-541
1914) The volume of the cobalt solution should not exceed fifty
cubic centimeters and the weight of the cobalt should not be
greater than two tenths of a gram. Add to this solution fifty
cubic centimeters of three per cent hydrogen peroxide, thirty
cubic centimeters of sodium bicarbonate solution ( fifty grams in
one liter of water ), and thirty cubic centimeters of ten per cent
sodium hydroxide; shake vigorously until the green compound first
formed is decomposed, heat twenty or thirty minutes on a gauze
until the excess hydrogen peroxide is destroyed, cool, dissolve
the precipitate in potassium iodide and dilute sulphuric acid,
and titrate the iodine with standard sodium thiosulphate . One
iodine equals one cobalt.
Second method.- Place in a two hundred and fifty cubic
centimeter wide neck flask the neutral cobalt solution, the vol-
ume of which should not exceed fifty cubic centimeters and which
should not contain more than three tenths of a gram of cobalt; add
five cubic centimeters of ammonium chloride solution (166 g. in 1
liter of water), five cubic centimeters of concentrated ammonium
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hydroxide, and thirty-five cubic centimeters <af three per cent
hydrogen peroxide. Boil for about forty minutes or until the odor
of ammonia has disappeared, keeping the volume fairly constant by
the addition of water. Cool, add potassium iodide, acidify, shake
until the precipitate is dissolved, which requires ten or fifteen
minutes, and titrate with sodium thiosulphate. If nickel is pres-
ent the amounts of reagents are doubled. In the presence of nickel
the final precipitate dissolves readily after adding potassium
iodide and acid. Excellent results are reported by both methods
when working with pure salts even in the presence of much nickel.
Determination of Nickel.
Take an aliquot part of the nickel cobalt solution (7)»>
which should not contain more than one tenth of a gram of nickel
per one hundred cubic centimeters, acidify with hydrochloric acid,
and add a slight excess of dimethyl glyoxime above the quanity
necessary to precipitate the nickel. Heat to about ninty degrees
and add ammonium hydroxide until the solution smells slightly of
ammonia. While still hot the precipitate is filtered through a
Gooch, dried in a drying oven at one hundred and ten degrees for
forty-five minutes, and weighed. The precipitate contains 20.31 per
cent nickel.. (Treadwell and Ball, Vol. II, 1913, p.129).
Separation and Determination of Aluminium..
Make the alkaline filtrate (5), from which has been
separated nickel, iron, and cobalt, acid with hydrochloric acid
and thenalkaline with ammonium hydroxide. Boil to expel the ammo-
nia, filter through an ashless. (L), ignite, add a few cubic centi-
meters of hydrofluoric acid and one cubic centimeter of concen-
trated sulphuric acid, and evaporate to dryness. Ignite the residue
to constant weight and weigh as aluminium trioxide. Liulti-

ply this weight by 0.53^33 to determine the amount of aluminium
present (Treadwell and Hall, Vol. II, 1913i P« 114-.),
Determination of Chromium if Vanadium is absent.
To the filtrate (8), from which the aluminium has been
precipitated, add an excess of hydrochloric acid and boil to ex-
pel all the bromine possible. A few cubic centimeters of alcohol are
then added and the solution boiled for twenty or thirty minutes
to reduce chromium to the chromic condition. Make the reduced sol-
ution slightly ammoniacal and boil to expel excess ammonia, as
chromium hydroxide (M) is slightly soluble in excess of the reagent.
It is best to dissolve and reprecipitate the chromium hydroxide
owing to its high salt content. Ignite wet in a platinum crucible
and weigh as chromium trioxide. Multiply the weight of the oxide
by 0.684-21, the result is the chromium present (Treadwell and Hall,
Vol. II, 1913, P. 102.).
If no aluminium is present in the alloy sodium peroxide
may be used as an oxidizer and the chromium titrated as given by
Treadwell and Hall (Treadwell and Hall, Vol. II, 1913, p. 675). If
bromine is used it is almost impossible to free the solution of
the bromates formed and it is quicker to ignite and weigh as above,
RESULTS.
The order in which the elements are listed in the fol-
lowing statement of results is that in which they were placed in
the crucible, the first being placed on the bottom and the last on
the top.
A considerable amount of slag was formed from the molten
mixture, chiefly caused by oxidation. The weight of the slag in
some cases amounted to nearly nine per cent of the original weight
of the charge while in others only about five per cent was noted.

_^
It is not out of order to predict that the metal on top will suf-
fer the greatest loss due to this oxidation. Our results indicate
that this is the case,
A great deal of difficulty was experienced in obtaining
results for chromium which were high enough to agree with the a-
mounts put into the alloys, and it was not until the last few days
of this work that the shortage was accounted for by analysis of
the tungsten residue (B). The presence of chromium in this residue
accounts for the uniformly high results obtained for tungsten
( See analysis of alloy No. 99, p. 14, also No. 117, p. !!?•)•

Scrap from alloy 93
New
Total
Per cent of
elements introduced.
Hi. 63
Cu.
Cr. 20
Mo. 5
Al.
Hn.
Ti.
B.
W.
Si.
Average total 101
6.8
1.5
1.75
0.45
0.3
2
0.2
Alloy No. 99.
900 grams.
5000 "
5900 "
Per cent of elements found.
Author. Mr. Braley.
64.58, 63.53. did not
:6.73, 7.10, 6.53, analyze
16.69, 6.67.
this alloy.
17.53
:4.56, 4.74, 4.68,
:4.60, 4.82.
lost.
1.44, 1.44.
not detected.
not determined.
2.25, 2.25, 2.10,
2.02, 1,98, 1.75.
2.14, 1.60.
0.68, 0.70. 0.70.
omitting Al, 98.74.
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Alloy No. 117.
ocrap i rom axxoy lij ana. 114 2250 grams.
jMcW 6500 "
1 O tai. 8750 "
JjOSS QUO l>0 SXHg 740 M
VJ /»T ^ r> -P nl 1 />-triiexci oi aiioj 8010
ircr C6ni yiexu oi axjioy 91.6.
t 1 4* -w* vi T a IirCV CeilL 3lag 8.4.
Per cent, of Percent of elements found.
elements introduced. Author. Mr. Braley.
W. c. 2.16, 2.09. H Aft 1 1 nva\
MO • O 4.58, 4.74. O ( 1 nm
\
t-
.
*tj \ xow/
.
cr. «i± 18.75 (low).
141. OcL 60.65. OU, j}.
UU a O .
O
6.34, 6.51. ( . O-L •
Mil. X. O.98, 0.98. j.u*:
^
mgn;
•
T -i n Act not detected. no t uexecieo..
la noJ3« U.J not determined. not determined.
1.05, 1.03. l *ift
Al 1 £ 1.09.
Fe. impurities 0.77, 0.75.
Insoluble residue. none. l.<?8.
Average total. 102 96.49 99.82.

Alloy No. 120,
Scrap from alloy 117 1150 grams.
New 6000 "
Total 7150 "
Loss iue to slag 650 »
Yield of alloy 6500 "
Per cent yield of alloy 90.9
per cent slag 9.1
Per cent of Per cent of elements found.
elements introduced. Author. Mr. Braley.
W. 3 2.50. 2.62.
Ni. 63 60.28. 60.58.
Cr. 25 23.43. 23.31.
Ca. 7.5 1* 7.49. 7.50.
Si. 0.5 s 0.99. 0.99.
Mn. 1.4 0.84. 0.90.
B. 0.3 not determined. not determined.
Ti. 0.3 not detected. not detected.
Al. 2 1.54. 2.03.
Fe. impurities O.75. O.54.
Average total 103 97.82. 98.47.
There was an insoluble residue after fusing the tungsten
with sodium carbonate, which proved to "be chromium trioxide with
a trace of nicKel. It was figured as such and added to the
chromium found.
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CONCLUSION.
From the results obtained and the time in which a com-
plete analysis can now he made, we feel that our efforts have
been successful. Considering the difficulties involved the method i3
reasonably short and accurate; the time required for the analysis
being about thirty-five hours.
For accurate results extreme care and good technique
are essential as it is difficult to handle an alloy of eight or
ten elements and obtain anything near a hundred per cent at the
end. It has been the object to perfect a short and simple method
and for this reason volumetric determinatins were used wherever
possible. The use of sodium thiosulphate as the only standard
solution has materially simplified the method. With this solution
four of the ten elements in the alloy were determined. Great
caution must be exercised in dissolving the alloy, care being
taken not to heat the residue too hot in evaporating to dryness,
since in this case as high as four or five percent of chromium,
aluminium, iron, and nickel may come down with the silica and
tungsten, rendering almost impossible their quantitative recovery,
especially after ignition.
Titanium wa3 introduced into the alloy to the extent
of three tenths of one per cent for the purpose of removing nitro-
gen but in no case were we able to detect it. This may be due to
one of three reasons. First, it may be that it remains in the
residue (B) with the tungsten. Second, in this small amount it
may have been volatilized as titanium carbonitride (Ti^(CN)4.),
the carbon being present as impurities in the metals used; titanium
carbonitride may have been formed. Third, it is more probable

however, that it was removed with the slag.
Boron to the extent of three tenth* of one per cent
was also introduced into the melt, but owing to the difficulties
attending its estimation, no attempt has been made thus far to
determine the amount remaining after fusion.
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